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A CONTOUR COMPENSATION CIRCUIT, AND A METHOD AND PROGRAM FOR 
CONTOUR COMPENSATION, AND AN IMAGE SIGNAL DISPLAY DEVICE. 

BACKGROUND OF THE INVENTION 
5 1. FIELD OF THE INVENTION 

The present invention relates to a contour compensation. 
More specifically, the present invention relates to a method, 
a program, and a circuit for performing a contour compensation 
of an object in an image. Additionally, the present invention 
10 relates to an image signal display device. 
2 . DESCRIPTION OF RELEVANT ART 

Conventionally, a contour compensation circuit, which 
strengthen a contour of an object (a contour strengthen object) 
in an image, as shown in FIG. 10, has a contour compensation 
15 signal generator, a retarder, and an accumulator. 

The contour compensation signal generator consisting of 
high-pass filter generates a contour compensation signal from 
an input signal (an input image signal) , which is obtained from 
an image pickup of an object, and outputs the contour 
20 compensation signal to the accumulator. The input signal 

entered to the retarder is delayed for arbitrary seconds, and 
then entered to the accumulator. 

The accumulator generates a contour-compensated signal by 
adding the contour compensation signal to the input signal 
25 entered from the retarder. 

When the input signal is entered to the contour 
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compensation circuit, the input signal is branched, and then 
entered to each of the contour compensation signal generator 
and the retarder. 

The contour compensation circuit, finally, generates the 
5 contour-compensated signal after the processing of the input 
signal in the contour compensation signal generator, the 
retarder, and the accumulator. Thus, the image, in which the 
contour of the object is emphasized, is displayed on an image 
signal display device (hereinafter indicated as display 
10 device) based on the contour-compensated signal. 

Here, the relation between the brightness level (signal 
level) at the time of contour compensation and the position in 
the display device is shown in FIG. 11. 

FIG. 11A indicates the change of the brightness level of 
15 the contour region on the display device without the contour 
compensation . 

FIG. 11B indicates the change of the brightness level of 
the contour-emphasized region on the display device after 
performing the contour compensation. 

20 in other words, FIG. 11A shows the change of the brightness 

level of the contour region, which will be emphasized by the 
contour compensation, on the display device, before adding the 
contour compensation signal to the input signal (image signal) . 
FIG. 11B shows the change of the brightness level of the 

25 contour-emphasized region on the display device after adding 
the contour compensation signal to the input signal (image 
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signal) . 

In this FIG. 11A and FIG. 11B, the maximum level (Lmax) 
is a maximum brightness value (upper limit) that can be 
displayed (indicated) on the display device. The minimum level 
5 (Lmin) is a minimum brightness value (lower limit) that can be 
displayed (indicated) on the display device. 

Additionally, the signal shown in the circle indicated 
with a dot-dash line corresponds to the contour compensation 
signal at about a time (n+m) . x n+m is a signal level of the 
10 display device driven by the input signal at the time (n+m) . 
h( x n +m ) is a signal level of the display device driven by the 
contour-compensated signal, which is generated at the time 
(n+m) . 

Here, these signals are generated by utilizing an 
15 out-of-green method. In this out-of-green method, G (Green) 
signal is obtained from the input signal (input image signal) 
by utilizing a high-pass filter, which allows to pass the 
high-region of the G (green) of RGB that is the three primary 
colors of the color. Then, the correction of R (Red) signal 
20 and B (blue) signal, which are contained in the input signal, 
is performed by utilizing the obtained G (Green) signal as 
standard. Hereinafter, this G (Green) channel is indicated as 
standard channel. 

This out-of-green method is widely used when the display 
25 of the image on the display device is performed by utilizing 
three-sensor pickup method (three image device system) . That 
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is , this out-of-green method is used when the image is displayed 
on the display device by utilizing 3 pixels , R signal (R pixels) , 
G signal (G pixels) , and B signal (B pixels) , of three image 
device system. 

5 In this out-of-green method, since the color of G (green) 

gives strong influences on the enhancement of the outline of 
the object in the image, the color of G (green) is used as 
standard. 

In other words, in the contour compensation utilizing the 

10 difference of a luminosity level, since the enhancement of the 
outline of the object is affected by the brightness of the color 
of G (Green) , the color of G (Green) is used as the standard. 

In the conventional contour compensation circuit, as 
shown in FIG. 11B, if the image display is performed based on 

15 the contour-compensated signal, the required brightness level 
of the display device may exceed the maximum level (shown by 
dot-dash line) . Here, as shown in FIG. 11B, since the region 
exceeding limit level cannot be displayed at the projected 
brightness, the region exceeding limit level (maximum level) 

20 is commonly referred to as "clip (white clip) " . When this clip 
arises, the region near the boundary of the object in the image 
seems to have colored. This phenomenon as a result of the clip 
is referred to as "false coloring phenomenon". 

Generally, the wave profile of the contour compensation 

25 signal changes by turns from.plus to minus or f rom misus to pluse. 
Thus, the sum total of the contour compensation signal is zero. 
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If one side of the contour compensation signal exceeds the limit 
of the display device and other side of the contour compensation 
signal does not exceeds the limit of the display device, the 
sum total of the contour compensation signal is not egual to 
5 zero. 

In this case, the signal level of the region near the 
boundary of the object in the image may be changed and the region 
near the boundary seems to have colored. 

Moreover, when the image pickup of the object is performed 

10 using the four pixel offset method utilizing the out-of-green 
method, the unfavorable problems may occur. As examples of this 
unfavorable problems, the long processing time for the 
processing of the image signal, and the requirement of the large 
hardware size of the circuit, are cited. 

15 Here, in the four pixel offset method, the image pickup 

and display is performed using the device, which handles the 
image by utilizing input signal composed of R (Red) channel, 
Gl (Green 1) channel, B (Blue) channel, and G2 (Green 2) 
channel . 

20 in this device, the pixels of Gl (Green 1) and the pixels 

of G2 (Green 2) are arrayed so that the position of each pixel 
of Gl (Green 1) is displaced in the horizontal and the vertical 
direction with respect to each pixel of G2 (Green 2) . Here, 
the amount of the displacement is 1/2 of a pixel pitch. 

25 Thereby, the display device adopting this arrangement has 

an improved resolution. 
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As reasons described above, a method and program for 
performing the contour compensation, a circuit for processing 
an image signal in order to perform the contour compensation, 
and an image signal display device adopting the contour 
5 compensation circuit have been required. 

SUMMARY OF THE INVENTION 
The present invention relates to a contour compensation 
circuit that generates a contour-compensated signal, by which 

10 a signal level of a contour of the object is emphasized, from 
an image signal obtained by an image pickup of an object. In 
this circuit, the generation of the contour-compensated signal 
is performed regarding one channel of channels that consists 
the image signal as a standard channel, and the generation of 

15 contour-compensated signal is performed in order to prevent the 
occurrence of a colored edge on a contour of the object, that 
are caused when the contour of the object is emphasized. 

This contour compensation circuit includes a reverse 
gamma controller, a contour compensation signal generator, a 

20 control signal generator, a calculator, a contour compensation 
signal retarder, and a reverse gamma signal retarder. 

The reverse gamma controller performs a reverse gamma 
control on the standard channel, and obtains a liner standard 
channel . The contour compensation signal generator generates 

25 a contour compensation signal from the liner standard channel. 
The control signal generator computes a comparative value from 
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the liner standard channel and the contour compensation signal, 
and generates an evaluation value from a comparison between the 
comparative value and a threshold value. Then, the control 
signal generator generates a plurality of delayed evaluation 

5 values by the delay of the evaluation value, and selects the 
minimum value from among the evaluation value and delayed 
evaluation values, and output the selected minimum value as a 
control signal. The calculator computes the 
contour-compensated signal based on a contour compensation 

10 signal, and the control signal, and the liner standard channel. 
The contour compensation signal retarder receives the contour 
compensation signal from the contour compensation signal 
generator, and supplies the contour compensation signal to the 
calculator with delay. The reverse gamma signal retarder, 

15 which receives the liner standard channel from the reverse 
gamma controller, and supplied the liner standard channel to 
the calculator with delay. 

In this contour compensation circuit, the control signal 
generator computes the evaluation value based on formula (1) , 

20 when the comparative value exceeds a maximum level of a display 
device , 

evaluation value = (maximum level - liner standard channel) / contour compensation signal •••(!) 

25 the control signal generator computes the evaluation 

value based on formula (2) , when the comparative value less than 
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a minimum level of a display device, 
evaluation value = (minimum level - liner standard channel) / contour compensation signal • • • (2 ) 

5 the control signal generator set the evaluation value to 

1, when the comparative value less than a maximum level of a 
display device and the comparative value exceeds a minimum 
level of a display device. Here, the maximum level means that 
the maximum level of the signal that can be displayed on a 
10 display device, and the minimum level means that the minimum 
level of the signal can be displayed on the display device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG.l is a block diagram of the contour compensation 
15 circuit. 

FIG. 2 is a flow chart showing the flow of the processing 
performed in the contour compensation circuit. 

FIG. 3 is an explanatory view explaining the four-pixel 
offset method. 

20 FIG. 4 is an explanatory view showing the contour 

compensation signal. 

FIG. 5 is an explanatory view explaining the interpolation 
adopted in the four-pixel offset method 

FIG. 6 is an explanatory view showing the white clip 
25 processing. 

FIG. 7 is a block diagram of the contour compensation 
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circuit of another embodiment. 

FIG. 8 is an explanatory view showing the profile of the 
signal, which is obtained by the processing in the signal 
processor of the camera signal processing device. 
5 FIG. 9A is an explanatory view showing the change of the 

DC level of low-pass regions, wherein the contour compensation 
circuit is not adopted. 

FIG. 9B is an explanatory view showing the change of the 
DC level of low-pass regions, wherein the contour compensation 
10 circuit is adopted. 

FIG. 10 is a block diagram of the conventional contour 
compensation circuit. 

FIG. 11A is an explanatory view showing the change of the 
signal level of the display device without the contour 
15 compensation. 

FIG. 11B is an explanatory view showing the change of the 
brightness level of the display device after performing the 
contour compensation. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiment of the present invention will be 
explained with reference to the attached drawings . 

The contour compensation circuit 1 according to the 
present invention generates a contour compensation signal from 
25 the image signal obtained by an image pickup of an object. This 
generation of the contour compensation signal is performed in 
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order to display the object, in which the contour of the object 
is emphasized, in the image displayed on the display device. 

Then, the contour compensation circuit 1 generates a 
contour-compensated signal, by which the display device 

5 displays the contour strengthened object, from the contour 
compensation signal and the image signal. 

In this occasion, the contour compensation circuit 1 
regards one of the channels of image signals (for example, G 
channel from among channels of RGB) as a standard channel, and 

10 generates a contour compensation signal from the standard 

channel. Then, the contour compensation circuit 1 compares the 
contour compensation signal with a threshold value and obtains 
a coefficient, which is obtained in compliance with the result 
of the comparison. Next, the contour compensation circuit 1 

15 adjusts the degree of the contour compensation signal by 

performing a multiplication between the coefficient and the 
contour compensation signal. Then the contour compensation 
circuit 1 generates contour-compensated signal from the image 
signal and the adjusted contour compensation signal. 

20 Thereby, the image of the object is displayed on the 

display device in the condition that the contour of the object 
is emphasized and in the condition that the boundary of the 
object is not colored edge. 

Here, the image signal and the contour-compensated signal 

25 are the signal used for indicating the image of the object on 
the display device, respectively. 
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As described above, the contour compensation circuit 1 
according to the present invention regards the one of the 
channels from among the image signals, i.e. the contour 
compensation circuit 1 regards one of the channels from among 
5 the R channel, G channel, and B channel, as the standard channel, 
which is used for the contour compensation. Then the 
compensation circuit 1 generates the contour compensation 
signal based on the standard channel. 

10 FIRST EMBODIMENT 

CONSTRUCTION OF THE CONTOUR COMPENSATION CIRCUIT 

As shown in FIG. 1, the contour compensation circuit 1 has 
a reverse gamma controller 3, a contour compensation signal 
generator 5, a control signal generator 7, a contour 

15 compensation signal retarder 9, a reverse gamma signal retarder 
11, and a calculator 13. 

The reverse gamma controller 3 performs the reverse gamma 
control on the nonlinear image signal, which is obtained by the 
gamma control of an image signal. 

20 Here, the reverse gamma control is a processing to be 

performed in order to adjust the brightness of the image on the 
display device. That is, this reverse gamma control is 
performed in order to obtain a liner image signal from a 
nonlinear image signal, which is obtained by a gamma control 

25 on the image signal. In the reverse gamma controller 3, 
therefore, the liner image signal is obtained from the 
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nonlinear image signal. 

When the image pickup of the object is performed by using 
the three image device system, the obtained image signal is 
composed of three channels (R, G, B) . 

5 In the present invention, the image signal to be entered 

to the reverse gamma controller 3 may contain R(Red) image 
signal, G (Green) image signal, and B(Blue) image signal. In 
this case, the reverse gamma controller 3 generates a liner 
R(Red) image signal, a liner G (Green) signal, and a liner 

10 B(Blue) signal. 

Then, the reverse gamma controller 3 regards the liner G 
(Green) image signal from among the liner image signals (the 
liner R(Red) image signal, the liner G (Green) signal, and the 
liner B(Blue) signal) which are generated by the gamma control, 

15 as the standard channel. Then, the reverse gamma controller 
3 outputs the standard channel (liner G (Green) image signal) 
to the contour compensation signal generator 5, the control 
signal generator 7, and the reverse gamma signal retarder 11, 
respectively . 

20 The reverse gamma controller 3, additionally, outputs the 

remaining liner image signals (the liner R (Red) image signal 
and the liner B (Blue) image signal) to the reverse gamma signal 
retarder 11. 

Hereinafter, the liner G (Green) image signal is indicated 
25 as x n+m . Here, n is the time an image signal was entered. As 
for n+m, n+m is the time after a time m from the time n. 
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The contour compensation signal generator 5 generates the 
contour compensation signal from the liner G (Green) image 
signal entered from the reverse gamma controller 3. 

The contour compensation signal to be generated in the 
5 contour compensation signal generator 5 is a signal, which has 
substantially sinusoidal waveform and which has a same peak 
value (maximum and minimum value) . DC-level (DC components) 
of the signal as a whole is zero. 

Hereinafter, the contour compensation signal to be 
10 generated in the contour compensation signal generator 5 is 
indicated as h(x n+m ). Here, n is the time an image signal was 
entered. As for n+m, n+m is the time after a time m from the 
time n. h(x n+m ) is a contour compensation signal at the time 
(n+m) 

15 The control signal generator 7 obtains a comparative value 

by adding the contour compensation signal h(x n+m ) t which is 
entered from the contour compensation signal generator 5, to 
the liner G (Green) image signal, which is entered from the 
reverse gamma controller 3. Then, the control signal generator 

20 7 compares the comparative value with a threshold value, and 
generates (outputs) an evaluation signal based on the 
comparison result. 

The control signal generator 7 has an evaluation-signal 
generator 7a, a retarder 7b, and a control signal selector 7c. 

25 The control signal generator 7a generates a control signal 

from the liner G (Green) image signal ( x n+m ) . 

13 



P08315 

Based on JP2002-247628 
CONTOUR COMPENSATION 

To be more precise, the control signal generator 7a 
subtracts the liner G (Green) image signal (x n+m ) from the 
maximum level (Lmax) of the signal level of the display device, 
when the comparative value exceeds the maximum level of the 
5 signal level of the display device. Then, the control signal 
generator 7a regards the obtained value as the evaluation 
signal ( a n+m ) . 

In this case, the evaluation signal ( a n+m ) is shown as 
following formula. 
10 a n+m =(L max -x n+m )/h(x n+m ), L mM <(h(x n+m ) + x n+m ) .-.(1) 

The control signal generator 7a, on the other hand, 
subtracts the liner G image signal ( x n+m ) from the minimum level 
(Lmin) of the signal level of the display device, when the 
15 comparative value is under the minimum level of the signal level 
of the display device. In this case, the evaluation signal 
(a n+m ) is shown as following formula, 
a n+m =(L min -x n+m ) / h(x n+m ), >(h(x n+m ) + x n+m ) .-.(2) 

20 The control signal generator 7a sets the control signal 

( a n+m ) as "1", when the comparative value is under the maximum 
level of the signal level of the display device and exceeds the 
minimum level of the signal level. That is, the control signal 
( a n+m ) is set to 1 when the comparative value is between the 

25 maximum level and the minimum level. In this case, the 
evaluation signal (a n+m ) is shown as following formula. 
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a„ +m =l, L max >(h(x n+m ) + x n+m or <(h(x n+m ) + x n+m ) ..-(3) 

The retarder 7b delays the evaluation signal (a n+m ) 
entered from the control signal generator 7a. 
5 In the control signal generator 7, a plurality of 

retarders 7b are provided so that the evaluation signal (a n+m ) 
may be delayed gradually (from a n+m to a n _ m ) . 

The control signal selector 7c selects the most minimum 
value from among the evaluation signal (a n+m ) , which is entered 
10 from the control signal generator 7a, and the delayed 

evaluation signals ( a n+m ., ,• • -,a n _ m ) , which are entered from each 
of the retarder 7b. Then, the control signal selector 7c 
outputs the selected value as a control signal (b n ) . 

That is, in the present invention, the control signal 
15 selector 7c selects the control signal ( b n ) from the delayed 
evaluation signals ( a n _ m ,• • -,a n ,• • •, a n+m ) and the evaluation signal 
( a n+m ) . 

When the control signal generator 7 is constructed by a 
plurality of filters, the evaluation signals of the same 

20 numbers as the number of filters are entered to the control 
signal selector 7c. In this case, the unfavorable evaluation 
signal, which cannot control the contour compensation signal 
so that the signal level of the display device does not exceed 
the maximum level of the display device, may be entered to the 

25 control signal selector 7c. In the present invention, 
therefore, the selection of the control signal ( b n ) is 
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performed in the control signal selector. 

That is, the control signal selector 7c selects the 
minimum control signal ( b„ ) from among the evaluation signals 
( a n+m-i'" , ' a n-m ) in order to keep the sum total of the contour 
5 compensation signal at zero. In other words, the control signal 
selector 7c controls the control signal ( b n ) to the minimum 
value in order to prevent the occurrence of the unfavorable 
effects . 

The contour compensation signal retarder 9 delays the 
10 output of the contour compensation signal (h( x n+m )) entered from 
the contour compensation signal generator 5. The delay time 
is same as the time required in the processing in the control 
signal generator 7. Here, the contour compensation signal 
(h(x n+m )) supplied from the contour compensation signal 
15 retarder 9 is indicated as h(x n ) . That is, since n is the time 
an image signal was entered, h(x n ) is contour compensation 
signal, which must be added to the liner G (Green) image signal 
that was entered to the reverse gamma controller 3 at the time 
(n) . 

20 The reverse gamma signal retarder 11 delays the output of 

the liner image signals (the liner R (Red) image signal, the 
liner G (Green) image signal, and the liner B (Blue) image 
signal) entered from the reverse gamma controller 3, and then 
output the liner image signals to the calculator 13. 

25 That is, this delay processing is performed in order to 

synchronize the input signal (input image signal) with the 
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adjusted contour compensation signal generated in the 
calculator 13. Here, the delay time is the same time reguired 
at the processing in the control signal generator 7 and 
multiplier 13a. 

The calculator 13 has a multiplier 13a and an accumulator 
13b, and generates an adjusted contour compensation signal from 
the control signal ( b n ) entered from the contour signal 
selector 7c and the contour compensation signal (h(x„)) entered 
from the contour compensation signal retarder 9. Then, the 
calculator 13 (the multiplier 13a) generates the adjusted 
contour compensation signal. 

The multiplier 13a performs the multiplication between 
the contour compensation signal (h(x n )) and the control signal 

( b n ) , and obtains the adjusted contour compensation signal 

(b n -h(x n )) . 

The accumulator 13b adds the adjusted contour 
compensation signal (b„-h(x n )) to the liner G (Green) image 
signal. Thus, the image signals (a contour-compensated signal) , 
which includes the G (Green) signal (channel) whose intensity- 
was adjusted, are supplied from the multiplier 13a. 

PROCESSING IN THE CONTOUR COMPENSATION CIRCUIT 

Next, the processing performed in the contour 

compensation circuit 1 will be explained with reference to the 

flow chart shown in FIG. 2. 

When the image signal is entered to the reverse gamma 
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controller 3, the image signal is converted into the liner image 
signal . 

Then, the reverse gamma controller 3 regards the liner G 
(green) channel contained in the image signal as the standard 
5 channel (liner standard channel) , and output the liner standard 
channel (the liner G (Green) signal ( x n+m ) ) to the contour 
compensation signal generator 5, the control signal generator 
7, and the reverse gamma signal retarder 11 (STEP 1) . 

The reverse gamma controller 3, in this occasion, outputs 
10 the channels (R channel and B channel) other than the G (Green) 
channel to the reverse gamma signal retarder 11. 

Next, the contour compensation signal (h(x n+m )) at the time 
of the time (n+m) is generated in the contour compensation 
signal generator 5 . The generated contour compensation signal 
15 (h(x n+m )) is supplied to the control signal generator 7 and the 
contour compensation signal retarder 9 (STEP 2) . 

Then, the evaluation signal ( a „ +m ) is generated in 
consideration of the liner standard channel ( x n+m ) and the 
contour compensation signal (h( x n+m )) . This evaluation signal 
20 ( a n+m ) is supplied to the retarder 7b and the control signal 
selector 7c, respectively. 

The evaluation signal (a n+m ) is delayed in each of the 
retarders 7b, and then each of the delayed evaluation signals 
( a n-m>" ' •» a n»" " '^n+m ) are entered to the control signal selector 7c. 
25 The control signal selector 7c selects the smallest value from 
among the evaluation signal ( a „ +m ) and the delayed evaluation 
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signals ( a n-m'""' a n>""> a n+m ) r and outputs the selected value to the 
calculator 13 as the control signal ( b n ) (STEP 3). 

The contour compensation signal (h(x n+m )) ) , which is 
generated in the contour compensation signal generator 5 and 

5 is supplied to the contour compensation signal retarder 9, is 
delayed in the contour compensation signal retarder 9 by a 
predetermined time. Then, the contour compensation signal 
(h(x n )) is entered to the calculator 13 (STEP 4) . In other words , 
the output of the contour compensation signal (h(x n )) entered 

10 to the contour compensation signal retarder 9 is delayed for 
arbitrary seconds . 

The liner input signals (the liner R (Red) channel, the 
liner B (Blue) channel, and the liner G (Green) channel) are 
delayed in the reverse gamma signal retarder 11, and then 

15 entered to the calculator 13 (STEP 5) . 

The multiplier 13a performs the multiplication between 
the control signal ( b n ) and the contour compensation signal 
(h(x n )) f and obtains the adjusted contour compensation signal 
(b n -h(x n )) . 

20 Then, the accumulator 13b performs the accumulation 

between the obtained adjusted contour compensation signal 
(b n -h(x n )) and the liner G (Green) channel, and obtains a 
corrected liner G (Green) image signal. 

Thereby, the contour-compensated signal consisting of the 

25 liner R image signal, the liner B image signal, and the 
corrected liner G image signal is generated (STEP 6) . 
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Thus, in the display device, the image of the object is 
displayed based on the contour-compensated signal. 

In the present invention, each processing in the STEP 3, 
STEP 4, and STEP 5 are simultaneously performed. 

5 

SECOND EMBODIMENT 

In the above described embodiment, the image signal 
obtained by utilizing the three image device system is handled 
in the contour compensation circuit 1. But the image signals 
10 that can be handled in the contour compensation circuit 1 are 
not limited to this. The image signal obtained by utilizing 
the four pixel offset method may be adoptable in this contour 
compensation circuit 1 . 

Therefore, the processing performed in the contour 
15 compensation circuit 1, which handles the image signal obtained 
by utilizing the four pixels offset method, will be explained. 

When the image pickup of the object is performed utilizing 
the four pixels offset method, the obtained image signal is 
composed of four channels (R, Gl , B, and G2) . 
20 in the present embodiment, therefore, the image signal 

entered to the reverse gamma controller 3 consists of the image 
signals of R (Red) , Gl (Green 1) , B (Blue) , and G2 (Green 2) . 

Thereby, in the reverse gamma controller 3, the liner R 
(Red) image signal, the liner Gl (Green 1) image signal, the 
25 liner B (Blue) image signal, and the liner G2 (Green 2) image 
signal are generated. 

20 
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In this occasion, the reverse gamma controller 3 regards 
the liner G (Green) image signal obtained from the image signal 
of Gl (Green 1) as a first standard channel, and regards the 
liner G (Green) image signal obtained from the image signal of 
5 G2 (Green 2) as a second standard channel. 

Then, the reverse gamma controller 3 outputs the first 
standard channel and second standard channel to each of the 
contour compensation signal generator 5, the control signal 
generator 7, and the reverse gamma signal retarder 11. 
10 The reverse gamma controller 3, additionally, outputs the liner 
R (Red) image signal and the liner B (Blue) image signal to the 
reverse gamma signal retarder 11. 

The contour compensation signal generator 5 generates a 
first contour compensation signal and a second contour 
15 compensation signal to each of the first standard channel and 
second standard channel. 

The control signal generator 7 generates control signals 
(a first control signal and a second control signal) from each 
of the standard channels (a first standard channel and a second 
20 standard channel) . 

The calculator 13 generates the adjusted contour 
compensation signals (a first adjusted contour compensation 
signal and a second adjusted contour compensation signal) , and 
combine these adjusted contour compensation signals with the 
25 liner G (Green) signals (the liner Gl (Green 1) signal and the 
liner G2 (Green 2) signal) . Thereby, the calculator 13 
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generates the contour-compensated signal including a first 
contour-compensated signal and a second contour-compensated 
signal . 

To be more precise, the first contour-compensated signal 
is generated from the liner Gl (Green 1) signal and the first 
adjusted contour compensation signal, and the second 
contour-compensated signal is generated from the liner G2 
(Green 2) signal and the second adjusted contour compensation 
signal. Then, the contour-compensated signal including a first 
contour-compensated signal and a second contour-compensated 
signal is generated. 

FOUR PIXEL OFFSET METHOD 

Next, a four pixel offset method will be explained with 
15 reference to FIG. 3. 

In the four pixels offset method, only G (Green) signal 
from among the RGB signal, which is the three primary colors 
of an image signal, is displayed by using two pixels. In this 
case, the image to be displayed on the display device is 
20 indicated by using the R pixel , B pixel , Gl pixel , and G2 pixel , 
which are arrayed on the display device as the arrangement shown 
in FIG. 3. 

In the four pixel offset method, the Gl pixels and R pixels 
are arrayed by turns on the first line from the top, and the 
25 b pixels and G2 pixels are arrayed by turns on the second line 
from the top. In the present invention, the arrangement of each 
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pixel on the third line from the top is the same as that of the 
first line from the top, and the arrangement of each pixel on 
the fourth line from the top is the same as that of the second 
line from the top. 

By arranging each pixels like this manner, one color is 
expressed by four adj oining pixels . In the present embodiment, 
for example, one color is expressed from pixels of Gl and R, 
which are arranged at the leftside in the first line from the 
top, and pixels of B and G2 , which are arranged at the leftside 
in the second line from the top. Additionally, another color 
is expressed from pixels of B and G2 , which are arranged at the 
leftside in the second line from the top, and pixels of Gl and 
R, which are arranged at the leftside in the third line from 
the top, Thereby, in the present invention, the numbers of the 
scanning line can be increased in false than the conventional 
displaying method, in which one color is expressed by three 
pixels . 

CONTOUR COMPENSATION SIGNAL 

Next, the contour-compensated signal, which is actually 
generated, will be explained with reference to FIG. 4. 

As shown in FIG. 4, the signal level (brightness level) 
at the point (n+m) on the display device never exceeds the 
maximum level (Lmax) , when the image display of the object is 
performed based on the contour-compensated signal. 

That is, when image is displayed on the display device in 
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accordance with contour-compensated signal, the signal level 
falls within the permissible range (between the maximum level 
(Lmax) and the minimum level (Lmin) ) . Thus, the occurrence of 
the "clip" can be prevented. Thereby, the image of the object 
5 without colored edge can be displayed on the display device even 
if the contour compensation is performed. 

In the present invention, as described above, the 
generation of the contour compensation signal is performed by 
utilizing the image signal of G (Green) from among the image 

10 signals, which are obtained by the image pickup of the object. 
The contour compensation circuit 1 may generate the 
contour compensation signals for all the channels, which are 
contained in the image signal (input image signal) . 

In this case, the contour compensation signal of R (Red) , 

15 the contour compensation signal of G (Green) , and the contour 
compensation signal of B (Blue) are separately generated, and 
are added to each of the liner R (Red) image signal, the liner 
G (Green) image signal, and the liner B (Blue) image signal, 
respectively. Thereby, the contour-compensated signal is 

20 generated. 

In the present invention, the contour compensation 
circuit 1 handles all the channels included in an image signal. 
But, the contour compensation circuit may handle only some of 
the channels included in the image signal. For example, the 

25 contour compensation circuit, in which only G (Green) image 
signal is entered to the reverse gamma controller and the 
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contour-compensated G (Green) signal is supplied from the 
calculator 13, may be adoptable. 

CAMERA (IMAGE) SIGNAL PROCESSOR 
5 The contour compensation circuit according to the present 

invention may be applied to a camera (image) signal processor, 

which adopts four-sensor pickup method. 

First, a configuration of a signal processor of the camera 

signal processor will be explained. 
10 The main functions of the signal processor are mainly 

composed of: a format conversion function; an image correction 

function; and a HDTV-output (high-definition television 

output) function. 

The image correction is performed in an image corrector. 
15 in this image corrector, a gain level / black level adjustment, 

a contour compensation, a correction of the defect of pixels 

on CCD, a correction of the boundary of the block on CCD, and 

a gamma control, are performed. 

In this camera signal processor, a four pixel offset 
20 method is used when performing an image pickup or the display 

of an image. Thus, in order to curb the enlargement of the 

hardware size, the processing of the signal is performed by 

utilizing the interpolation without increasing the number of 

pixels . 

25 in the signal processor of the camera signal processor, 

the contour compensation is performed on all channels, 

25 



P08315 

Based on JP2002-247628 
CONTOUR COMPENSATION 

separately. If the components of the contour differ in each 
channel, the influence of the nonliner processing of the image 
level may arise on the image displayed on the display device. 
That is, part of the image displayed on the display device seems 

5 to have colored. 

Here, the nonliner processing (the white clip processing 
) , which is a cause of this false coloring phenomenon, will be 
explained with reference to FIG. 6. 

As shown in FIG. 6, the upper-parts in the contour 

10 compensation signals (the compensation signal ( h(x) ) shown in 
FIG. 6) are cut off because of the limitations of display device 
Therefore, the signal level of low-pass region among the image 
region of the high spatial frequency becomes less than the 
original input signal. 

15 In order to prevent the occurrence of this problems, the 

contour compensation circuit 1A (shown in FIG. 7) , which can 
perform the contour compensation in consideration of the total 
nonlinear processing, is provided on the camera signal 
processor . 

20 As shown in FIG. 7, the contour compensation circuit 1A 

has a tested contour compensator 51, which performs the 
artificial nonlinear processing on the input signal (input) . 
The distortion detector 53 of the contour compensation circuit 
1A detects a distortion, which is caused as a result of the 

25 processing by the tested contour compensator 51. The contour 
compensator 55 performs the contour compensation on the signal 
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entered through the reterder 54 based on the distortion 

detected by the distortion detector 53 . 

The contour compensation circuit 1A can suitably control 

the contour compensation signal by performing a simulation. 
5 This control based on a simulation is superior to the control 

performed by using input signal only. 

Here, it is preferable that each of the display devices 

has a function to perform a contour compensation, when a 

plurality of display device is used at the same time. In the 
10 present invention, since the display to be used is identified, 

the contour compensation circuit 1A is only provided to the 

camera signal processor. 

In the camera signal processor (not shown) , in order to 

prevent the occurrence of the false coloring phenomenon, which 
15 is caused by the white clip or black clip, a system model 

simulator equips a white/black clip circuit (not shown) . 

The distortion detector 53 and contour compensator 55 

makes a gain ( a(x) ) of the contour compensation signal to less 

or equal to 1 ( a(x) < 1) . Then, the distortion detector 53 and 
20 contour compensator 55 obtains a minimum value of the gain 

(a(x) ) in order to prevent the occurrence of the clip on each 

pixel, which are placed within the filter-taps, and handles 

this obtained minimum value of the gain ( a(x) ) as a control 

amount within the filter-tap. 
25 A profile of the signal, which is obtained by the 

processing on the signal processor of the camera signal 
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processor, is shown in FIG. 8. To be more precise, the wave 
profile of the signal which is obtained after the algorithm 
processing in the contour compensation circuit 1A, is shown in 
FIG. 8. 

In FIG. 8, g(x) is a signal level at the position x on the 
display device of the original input signal. h(x) i s a contour 
compensation signal at the position x. Here, the image which 
superimposed the sin wave on the staircase horizontal as an 
input as a high region component was used. 

FIG. 9 shows the observation result of the variations of 
the low-pass components of the input image, which are obtained 
by passing through the low-pass filter after performing the 
contour compensation. 

In FIG. 9A, each of the low-pass components of each input 
signal are displayed in piles. FIG. 9A shows the case where 
the contour compensation circuit 1A is not adopted. As shown 
in FIG. 9A, the image level of the image after contour 
compensation in the high brightness region is clipped. Thus, 
the image level in the high brightness region is decreased. 

On the other hand, FIG. 9B shows the case where the contour 
outline compensation circuit 1A is adopted. According to FIG. 
9B, image signal is controlled in order to prevent the 
occurrence of the clip. Thus, the image level in the whole 
regions from the low brightness region to high brightness 
region agrees with the original image. Thereby, the occurrence 
of the colored phenomenon to be caused by the contour 
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compensation can be controlled. 

Although there have been disclosed what are the patent 

embodiment of the invention, it will be understood by person 

skilled in the art that variations and modifications may be made 
5 thereto without departing from the scope of the invention is 

indicated by the appended claims. 

For example, it is possible to consider each operation 

performed in each part of the contour compensation circuit 1 

as one process operation, respectively. In this case, the 
10 method for performing the contour compensation is realized by 

assembling each operation performed in the contour 

compensation circuit. 

"In the present embodiment, additionally, it is possible 

to represent each operation to be performed in each part of the 
15 contour compensation circuit 1 as one program code, 

respectively. In this case, the program for performing the 

contour compensation is realized by assembling each program 

code . 
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